INTRODUCTION
Variation in climate/growth relationships exhibited by a single tree species across environmental and geographic gradients provides valuable insights into the integrated response of plants to physical site factors [8, 17, 26] as well as into the reconstruction of past climates [10, 16, 28, 33] . Overlying these physical gradients may be more subtle intraspecific variation imposed by regionally distinctive patterns of stand history and plant demography. Although less commonly examined in tree-ring studies (which generally limit their sample to those trees in a population most likely to experience physical stress), such biotically and historically mediated variability in climate/growth relations may be prominent for some taxa.
The purpose of this study is to document climate/ growth relations throughout the range of sand pine (Pinus clausa), a species virtually endemic to Florida, USA. By developing a regional network of master chronologies based on total ring, earlywood, and latewood widths, this study offers a comprehensive examination of dendroclimatic variation within this geographically restricted species. Moreover, all trees in mapped stands are sampled, so that there is no systematic bias in tree selection to favor expression of a climatic signal. Sand pine is particularly well suited for examining the effects of both physical gradients and biotic influences on climate/ growth relations, because climatic gradients of precipitation and temperature seasonality are well expressed across Florida, and previous work has documented meaningful contrasts in population structure and disturbance dynamics between the two varieties of sand pine [21] .
Florida experiences a moist subtropical, grading to near-tropical, climate [4] . Annual precipitation totals are relatively high (ca. 120-180 cm), although drier winters become increasingly pronounced southward on the peninsula. In central Florida, about one-third of the total annual precipitation falls in the six-month period from November to April. Summers are uniformly warm and humid throughout Florida, with a high frequency of convective thundershowers, especially over the interior of the peninsula. Winters exhibit a marked mean temperature gradient; freezes are uncommon (1.5 to 3.5 days per year) in central Florida, but are more common (8 to 20 days per year, depending on coastal proximity) in the Florida panhandle [25] . Growing season ranges from a minimum of about 8 months in the panhandle interior to about 11 months near the southeastern range limit of sand pine. Annual potential evapotranspiration estimates range from about 105 to 120 cm.
In addition to geographic gradients in winter season precipitation and temperature across Florida, climatologists have established strong links between El Niño-Southern Oscillation (ENSO) phase and winter precipitation departures across the southeastern United States [7, 14, 22] . Warm-phase, or El Niño events, are commonly characterized by wetter than normal winters with regional strengthening of the subtropical jet stream. By contrast, cold-phase, or La Niña events, often yield drier than normal winters over Florida, as upper-level support for storm development is weakened.
Sand pine has been taxonomically partitioned into two varieties [18, 32] : Choctawhatchee sand pine (P. c. var immuginata) is restricted to the Florida panhandle (except for a population on an Alabama barrier island), and Ocala sand pine (P. c. var clausa) is limited to the Florida peninsula. In general, sand pine is shade-intolerant [5] , subsists on sandy, dry, nutrient-poor substrates [9] , and possesses a disturbance-dependent regeneration ecology [19] .
Our previous research [21] has established significant ecological differences in demographic structure between the two varieties of sand pine. Choctawhatchee sand pine is not fire dependent (and, hence, is generally nonserotinous). Individuals of this variety preferentially regenerate in small canopy gaps triggered by frequent wind damage along the Gulf of Mexico coastal strand. Thirty-five to 65% of trees in sample populations of this variety displayed at least one growth release event linked with wind damage [21] . Population structures are of the reverse-J form [31] , with occasional stem recruitment in the understory of most stands. Ocala sand pine is historically dependent on crown fires, and, hence, exhibits a high percentage of serotiny in most populations. Lightning fires are common, especially during drier summers in the Florida peninsula [29] . Before effective fire exclusion, a coarse-grained patch dynamic of stems recruited following fires. Naturally seeded, mature populations of this variety (those we sampled were initiated in the 1920s and 1930s) exhibited relatively little evidence of growth release (10-25% of stems) [21] . Population structures were narrowly even-aged, with recruitment in burned patches ceasing about a decade after crown fire.
Given our knowledge of climatic gradients across Florida and ecological/ demographic contrasts between sand pine varieties, we tested four research hypotheses: 1) Sand pine is more sensitive to interannual variation in precipitation than temperature. Restriction of sand pine to xeric substrates imposes a significant likelihood that growth may be curtailed in drought years. Because winters are typically dry (especially southward on the peninsula), sand pine may be particularly sensitive to interannual variability in winter precipitation. By contrast, long growing seasons and warm temperatures impose little direct effect on growth patterns, although temperature may influence climate/growth relations for interior sites in the panhandle, where freeze frequency and duration is higher than elsewhere across Florida.
2) Sand pine growth anomalies are linked to warm and cold phases of the ENSO. To the extent that sand pine growth is sensitive to interannual variation in winter precipitation, warm-phase ENSO years should yield greater sand pine growth than coldphase ENSO years.
3) Dendroclimatic signals are stronger in Ocala sand pine (the peninsular variety) than Choctawhatchee sand pine (the panhandle variety). Climatic effects may be muted by varietal contrasts in regeneration ecology. Synchronous recruitment and stand development in fire-initiated patches yield more uniform growth patterns among canopy trees in Ocala sand pine, which should minimize the confounding influence of shading and other forms of competition on growth. By contrast, the multiple-aged structure of Choctawhatchee sand pine promotes growth suppression of understory stems by shading.
4)
Coastal populations of both varieties exhibit stronger dendroclimatic signals than their inland counterparts. Sand pine populations located on or near the coastal strand often exhibit some degree of stunting, apparently associated with pruning by persistent winds and possibly limited depth of freshwater lenses. Such environmentally imposed physiological stress commonly sharpens the climatic signal embedded in tree-ring records [23, 27] .
We employ climate/growth correlations, analysis of extreme growth years, and multiple regression to characterize spatial variability in the dendroclimatic signal of sand pine and to evaluate our research hypotheses. Our study is conceptually distinct from most dendroclimatic reconstructions to date, because we collected cores from all trees in each stand. This permits us to compare the strength of the climatic signal in stands of differing agestructure and canopy/understory competitive effects. In addition, if ENSO phase linkages with sand pine growth emerge, our study will extend the evidence in the southeastern United States of terrestrial biophysical responses to atmospheric teleconnections modulated by ENSO phase, which have heretofore concentrated on fire behavior [1, 24] and agricultural productivity [12, 13] .
MATERIALS AND METHODS

Study sites
Three sand pine forest stands were mapped for each variety (figure 1). For Choctawhatchee sand pine (panhandle), sites were sampled at Eglin Air Force Base-Scrub Hill (EOS), Gulf Islands National Seashore-Naval Live Oaks (GIN), and St. Joseph Peninsula State Park (STJ). For Ocala sand pine (peninsula), sites were sampled at Highlands Hammock State Park (HHO), Jonathan Dickinson State Park (JDO), and Rock Springs Run State Reserve (RSO). Location of mapped plots was randomized within larger forest stands; plot sizes ranged between 40 × 40 and 60 × 60 m, depending on sand pine density. Each stand was strongly dominated by sand pine (>80% of overstory basal area); in addition, substrates and disturbance histories were uniform within each stand.
Sand pine inhabits modern and paleo-dunes associated with marine beach sediments. STJ was located on recently active sand dunes and possessed dune-andswale topography. JDO, the other coastal stand, also exhibited remnant dunal topography, with a thick veneer of sands (ca. 2-4 m) overlying Pleistocene marine sediments. The remaining four sites were flat to gently sloping (<3°), with a thin veneer of sand (ca. 1-2 m) overlying Pleistocene or older sediments. Surface soils in all stands were sandy (sand fraction = 92-98%, see table I), with capillary water estimates in the upper 50 cm of soil of 2.0-2.2 cm [9] . Elevations were low, ranging from 3.5 m above sea level at STJ to 40 m at EOS. Flat topography, excessively drained sands, and low soil nutrient contents (table I) provided comparable substrate conditions among sites, although the dunes at STJ lacked older, clay-rich sediments at depth.
All stands were on state or federal reserve lands characterized by passive management (fire exclusion, no logging or grazing) and light recreation. Fires have been absent from stands since, at least, establishment of the oldest stems; hurricanes and extratropical cyclones have exposed all stands to sporadic blowdown events. 
Climatic data
Monthly temperature and precipitation data were summarized by climatic division with data available from the National Climatic Data Center [20] . Florida is partitioned into seven climatic divisions. All three panhandle sites are located in Division 1. The peninsular sites are in Division 3 (RSO) or Division 4 (HHO, JDO) (figure 2; the climate diagram for Division 3 is not shown -it differs little from Division 4). Climatic division means were used instead of individual weather stations near study sites because local stations often had missing data and a relatively short period of record. Complete monthly temperature and precipitation records extend back to 1895 for each climatic division.
Tree core extraction and measurement
Two cores were extracted from all sound trees (i.e., lacking heart rot) > 5 cm diameter at breast height (dbh = 1.4 m). Cores were taken at right angles from one another, 30 cm above the ground. Cores were maintained as distinct records, rather than averaged by tree, because of substantial within-tree variation in growth patterns in some stands. Core processing followed standard protocol [30] . Cores were mounted, sanded with progressively finer-grit sand paper, and measured with a computerbased optical image analysis system (OPTIMAS TM ) at an accuracy of 0.008 mm. Transitions between earlywood and latewood in annual increments were determined by darkening of color. Most earlywood-latewood transitions were distinct; where transitions were diffuse, gray-scale values from the image analysis software were available to aid in marking the transition.
Master chronology development
At least one core from 75 to 95% of trees in each stand was reliably crossdated, as confirmed by COFECHA [15] . Crossdated cores were retained for developing master chronologies. The highest percentage of trees that were not crossdated (20 to 25%) came from the two coastal populations (JDO and STJ). Among the Choctawhatchee sand pine stands, the majority of trees excluded from the master chronology were understory individuals (20 of 29 were <8 cm dbh); by contrast, Ocala sand pine understory trees were rare-none were excluded from the chronology.
Three master chronologies were developed for each stand: total ring width, earlywood, and latewood. To accentuate short-term variance in tree growth that is most likely linked to interannual climatic variability, ringwidth series from each core were filtered by three procedures [11] : (1) low frequency variance was removed from the series with a cubic smoothing spline (50% cutoff after 32 years), (2) persistence within the resulting smoothed series was removed by autoregressive modeling-thereby muting temporal carryover in growth signal from year-to-year, and (3) the resultant series was fitted Climate/growth relations of sand pine 337 to a negative exponential form to account for the decline in radial growth rates as trees age. Master chronologies for each stand and segment type were expressed as standard normal deviates (z-scores) across all years of record.
Master chronologies developed for total ring width, earlywood, and latewood in each stand were correlated with one another to assess the commonality in their growth response. For each annual increment segment (i.e., total ring, earlywood, and latewood), master chronologies were correlated for all stand pairs to assess geographic variability and varietal contrasts in patterns of growth.
Climate/growth modeling
For each master chronology, bivariate correlations between annual growth increments and monthly mean temperature, and between annual growth and monthly total precipitation were calculated for the 21-month period extending from March of the previous growing season to November of the current growing season, in keeping with unusually long growing seasons in these near-tropical latitudes. To facilitate geographic comparison, these analyses were limited to the 54-year period of record common to all six sites .
As complementary evidence of climatic controls, extreme growth years were analyzed for the same period. For each master chronology, annual growth increments for which ͉z͉ > 1.0 were segregated into rapid-growth and slow-growth groups. Differences-of-means (Student's ttests) between rapid-and slow-growth years were calculated for monthly mean temperature and total precipitation data for the same 21-month interval used in bivariate correlations.
For each master chronology, multiple regression models relating annual growth increments to climatic variables were developed for the period of common record . We used ordinary least-squares regression instead of climatic response functions, because regression explicitly permits interaction among regressors, thus providing a better integrative explanatory model than the sets of bivariate correlations on which climate response functions are based. Candidate climatic variables for regression included monthly mean temperature and total precipitation, as well as composite means and sums for multiple consecutive months. For example, the importance of winter and spring precipitation might be incorporated into a model by summing the total precipitation received from January through May in each year of record and entering this as a single variable. Inclusion of multiple-month climatic variables promotes parsimony, both statistically (by limiting the reduction of degrees of freedom in the model) and physically (by emphasizing the aggregate significance of climatic forcing during critical periods).
Following the recommendation of the Center for Ocean-Atmospheric Prediction Studies at Florida State University [2], we adopted the Japan Meteorological Agency (JMA) ENSO index, which is based on observed (1949-present) and reconstructed (1868-1948) mean sea-surface temperature anomalies from the tropical Pacific Ocean. ENSO years were assigned to warm phase, neutral, or cold phase, based on the JMA index. We tested for differences of means of sand pine growth index values between warm-and cold-phase ENSO years for each of the 18 master chronologies.
RESULTS
Summary statistics and master chronologies
Mean radial growth rates were highest for inland Ocala sand pine stands (HHO, RSO). By contrast, the two coastal populations (JDO, STJ) were characterized by the lowest mean growth rates (table I) .
Serial correlations between the annual increment segment types in each stand revealed that total ring width and earlywood width series were very strongly correlated (0.865-0.981) (table II). Latewood width series were uniformly lower in correlation with both total ring and earlywood width series across all stands.
Inter-stand correlations of ring width series produced consistent results: correlations between stands of the 338 A.J. Parker et al. III) . There were two exceptions to this outcome: JDO and RSO did not exhibit a significant positive correlation for latewood width (although both are from Ocala sand pine) and STJ and RSO exhibited significant positive correlations for all three series types (although they are of differing varieties).
Stand-level master chronologies for all three series types were similar; only total ring width chronologies are displayed ( figure 3) . Years of record characterized by consistent growth anomalies (͉z͉ > 1.0) for half or more of the stands include:
-rapid growth-1912*, 1929 *, 1947, 1959, 1960, 1966, 1969, 1973, 1975, 1983, and 1991; -slow growth-1927*, 1932*, 1940, 1951, 1954, 1963, 1967, 1981, and 1985 .
Several early years are denoted with an asterisk because they pre-date the period of common record for all six sites and are, therefore, based on fewer chronologies. 
Climate/growth correlations
Precipitation was generally positively associated with growth in the current growing season, often significantly so in the period between January and June (figures 4 and 5) . Indeed, winter and spring precipitation leading into the growing season emerged as the most consistent and Climate/growth relations of sand pine 339 prominent correlate of sand pine growth patterns across the species' range. Precipitation from the previous growing season exhibited weaker correlations of mixed sign, very few of which were statistically significant.
Precipitation was more strongly correlated with sand pine growth than was temperature in STJ ( figure 4 ) and all three of the Ocala sand pine stands ( figure 5 ). For the three Ocala stands, temperature correlations with growth series were weak, although there is some evidence of lagged temperature effects from the prior spring in the inland Ocala stands (HHO, RSO) (figure 5). For the two inland Choctawhatchee stands (EOS, GIN) temperature and precipitation exhibited comparable levels of 340 A.J. Parker et al. correlation with sand pine growth increments. Temperature correlations in these two stands were generally positive for the early growing season periods (statistically significant only in February), switching to negative in the later months of the growing season (statistically significant only in August). Among the series types, precipitation is more consistently positively associated with total ring width and earlywood width series. Latewood width series exhibited somewhat greater responsiveness to temperature variables.
Analysis of extreme years
Examining differences of means between rapid-vs. slow-growth years for the same suite of monthly climatic variables employed in climate/growth correlations revealed similar outcomes. Positive associations of monthly precipitation variables with rapid-growth years were evident for both sand pine varieties (table IV) . For Choctawhatchee sand pine, there were 21 positive associations of precipitation with rapid growth, as opposed to five negative associations. All of the positive Table IV . Summary of extreme analyses for monthly precipitation variables during the period of common record . For each time series (site by series type), years in which z > 1.00 were segregated into rapid-vs. slow-growth groups. Significant difference-ofmeans outcomes (Student's t-test; p < 0.05) are depicted with a + where more rapid growth is associated with greater precipitation and awhere slower growth is associated with greater precipitation. associations were from the current growing season, with 18 of the 21 clustered in the winter/spring interval from January to May. Each of the five negative associations fell during the prior autumn (September to December). For Ocala sand pine, the positive association of precipitation with rapid-growth years is even stronger, with 27 positive associations and no negative associations. Twenty-one of the 27 positive associations for Ocala sand pine occurred in the January to May period of the current growing season. For each variety, about 14% of the t-tests were significant at p < 0.05, above the 5% of significant outcomes that would be generated by chance. In keeping with the bivariate climate/growth correlations, temperature was more weakly associated with anomalous growth years than precipitation (table V) . For Choctawhatchee sand pine, 8% of the t-tests generated significant values for monthly temperature variables, moderately exceeding the 5% random standard. Ten Table V . Summary of extreme analyses for monthly temperature variables during the period of common record . For each time series (site by series type), years in which ͉z > 1.0 were segregated into rapid-vs. slow-growth groups. Significant difference-ofmeans outcomes (Student's t-test; p < 0.05) are depicted with a + where more rapid growth is associated with higher temperatures and awhere slower growth is associated with higher temperatures. Total ring -
Earlywood
Latewood + positive associations of temperature with growth were evident; seven of these ten occurred in the autumn (September to November) of the prior year. By contrast, there were five negative associations of temperature with growth, all clustered during the hottest period of the current growing season (June to August). For Ocala sand pine, only 3% of t-test outcomes for monthly temperature variables were significant, below the 5% random standard.
Multiple regression analysis
With the exception of GIN, adjusted-R 2 values for models based on total ring width ranged between 0.378 and 0.547, indicative of reasonable levels of explanatory covariance between climatic drivers and sand pine growth response (table VI) . STJ, the coastal Choctawhatchee site, displayed the highest explained variance for all three series. Earlywood-based regression models were consistently strong for Ocala sand pine stands, with adjusted-R 2 values ranging between 0.407 and 0.487. Earlywood-based models for the two inland Choctawhatchee stands (EOS, GIN) were substantially weaker. Latewood-based regression models were generally characterized by lower explanatory power than total ring width and earlywood-based models. Choctawhatchee sand pine stands exhibited higher adjusted-R 2 values in latewood-based models (0.363-0.446) than Ocala sand pine stands (0.263-0.342).
The rankings of standardized regression coefficients within the various models reveal that a precipitation variable was the primary variable in 17 of 18 models. The EOS latewood model was the exception; it lacked a precipitation variable. This reinforces findings from bivariate correlation and extreme growth analyses, which highlight the primacy of precipitation over temperature in models of sand pine growth responses in most circumstances. All precipitation variables in all regression models were positively related to sand pine growth. The seasonality of these precipitation regressors varied geographically. For Ocala sand pine, sums of precipitation for the January-May or January-June period appeared in all nine models, and were the primary variable in seven of nine. For Choctawhatchee sand pine, the seasonal timing of primary precipitation variables drifts from January-May for the coastal STJ stand, to March-May for EOS, to May-July for earlywood and total ring width series in GIN, to July-September in the GIN latewood width series.
Although temperature variables play a secondary role, they are included in 13 of the 18 regression models. Temperature variables were primary only in EOS latewood. The seasonality of temperature influences varied between varieties. For Choctawhatchee sand pine, monthly temperatures from February and May of the current year were positively related to growth, whereas August temperatures were negatively related to growth. For Ocala sand pine, five of the six models in the two inland stands . If the variable is lagged from the previous year, a (-1) follows the monthly abbreviation (e.g., NOV(-1) = November of the prior year). P or T at the end of the variable name indicates precipitation or temperature, respectively. Σ followed by two month designators indicates that the variable is the sum of these and all intervening months (e.g., ΣJANJUN = sum of January through June).
Table VI (continued).
(HHO, RSO) incorporated positive responses of growth to lagged temperatures from the spring (April-June) of the prior growing season. JDO, the coastal Ocala stand (and also the southernmost locale in the study) exhibited a positive growth response to November temperatures of the current growing season in the latewood model.
Multiple regression outcomes from the period of common record underscored the strong linkage of earlywood growth to early/mid-season precipitation variables, which were primary variables in all earlywood models from across the entire range of sand pine. Not surprisingly, late-season temperature (August-November) and precipitation (July-September) figured more prominently in latewood regression models.
Relationship of sand pine growth to ENSO phase
Earlywood width series showed significant differences in growth between warm-phase and cold-phase ENSO years in all three Ocala sand pine stands, as well as in STJ (table VII) . As expected, warm-phase conditions, which are associated with increased winter precipitation over Florida, fostered more rapid sand pine growth. The two inland Choctawhatchee sand pine stands (EOS, GIN) exhibited no relationship of growth to ENSO phase, in keeping with their muted response to precipitation variability in regression models. Unlike the earlywood width series, latewood widths showed no significant growth relationship to ENSO phase. (Predictably, the response of the total ring width series was similar to earlywood, but was somewhat muted by inclusion of the latewood increment.)
DISCUSSION AND CONCLUSIONS
Given the tolerance of sand pine for dry, low nutrient substrates, its growth response to precipitation variability is logical. Precipitation totals in the period just prior to (January and February) and in the early/middle parts of the growing season (March through June) consistently emerged as strong influences on growth across the species range. Temperature variability was a secondary influence on sand pine growth in some areas; it was most prominently expressed in inland Choctawhatchee sand pine stands (EOS, GIN). The Florida panhandle experiences the highest frequency of freeze events of any region within the species' range. These findings supported our first research hypothesis: overall, precipitation is more strongly linked to sand pine growth patterns than is temperature. Nevertheless, our results underscore the importance of spatial variability in climatic controls of tree growth across a species range.
Radial growth patterns of other southern pine species have been linked to precipitation variability elsewhere in the American Southeast ( [34] for slash pine (Pinus elliottii), [3] for loblolly pine (Pinus taeda), [6] for longleaf pine (Pinus palustris)). However, these studies identified growth responses to summer or annual precipitation measures and were based on samples from restricted geographic areas. Our range-wide sampling is unique among tree-ring based climate/growth studies of southern pines.
The strong association of sand pine growth with interannual variability of winter/spring precipitation in four stands (the three Ocala sand pine stands plus STJ) conformed with the ENSO/growth findings. In the same four stands, earlywood growth increments were significantly greater in warm-phase ENSO years, years characterized by increased winter precipitation over Florida. Hence, our second research hypothesis was supported: sand pine growth series are sensitive indicators of ENSO phase. This finding extends previous evidence of ENSO effects on biophysical phenomena in the southeastern United States. Simard et al. [24] and Brenner [1] found greater wildfire activity in drier, cold-phase ENSO years. Hansen et al. [12, 13] found links between agricultural productivity and ENSO phase; winter vegetable yields in Florida declined in warm-phase ENSO years, which the For the majority of stands, climate/growth relations were most strongly expressed in total ring width series. Climate/growth relationships were stronger in the earlywood than latewood series of the three Ocala sand pine stand and STJ. In contrast, latewood-based regressions displayed stronger climatic links in the two interior Choctawhatchee sand pine stands (EOS, GIN). As noted above, these were the two stands in which temperature was most often included as a primary variable in our regression models. Our findings reinforce the importance of examining all components of radial growth in dendroclimatic reconstructions. Just as there can be prominent spatial variability in climatic controls across a species range, there also can be pronounced spatial variability in the climatic sensitivity of earlywood vs. latewood increments across a species range.
Each sand pine variety exhibited a distinctive historical pattern of growth, with low inter-varietal correlations among ring series, for the most part. Analysis of extreme growth years reinforced these varietal contrasts; some extreme growth years were only recorded in one of the two varieties. This suggests that, while broader circulation patterns (such as those related to ENSO teleconnections) affect the climate of Florida, sub-regional spatial variability in the expression of drought or excess rains can be expected in some years.
Climate/growth regressions from Ocala sand pine stands were uniformly strong in explanatory power. Each of these stands is characterized by a narrowly even-aged structure, so that all stems are generally responsive to the same climatically mediated growth rhythms. Like Ocala sand pine, the coastal Choctawhatchee sand pine stand (STJ) showed strong climatic linkages to growth, presumably because of the greater physiological stress imposed in this stand situated on recently active dunes and lacking a clay-rich layer at depth (which, if present, would elevate subsurface water supply). By contrast, the two inland Choctawhatchee sand pine stands (EOS, GIN) produced the weakest climate/growth relations. Standscale biotic effects may account for some reduction in the strength of climate/growth signal in these stands. On-going sand pine recruitment maintained by wind-induced, gap-phase regeneration in these stands appears to weaken the climatic signal in radial growth records, presumably due to canopy effects on understory growth. In combination with regional contrasts in winter temperature regime, these biotic effects cause distinctive climate/growth relations to emerge for inland Choctawhatchee sand pine stands. Because of the wide variance in climate/growth explanatory power between the inland and coastal Choctawhatchee sand pine stands, we conclude that our third research hypothesis was not supported: we found no consistent varietal differences in the strength of climate/growth relationships.
In general, we found that climate/growth relations were well expressed, even when cores were extracted from all trees in a stand. We screened cores that did not crossdate well with the remainder of cores within a stand, but this eliminated less than 25% of trees, even in Choctawhatchee sand pine stands characterized by strong canopy/understory influences. In dendroclimatic reconstructions, it may not be necessary to impose a systematic bias in tree selection to enhance expression of the climatic signal in a master chronology, at least where site factors ensure some degree of physiological stress. Sampling all possible trees in a stand reduces the likelihood that important climatic signals will be missed in chronology development.
Coastal stands of both sand pine varieties were characterized by reduced growth rates, as their stunted physiognomy suggested. Climate/growth regressions in STJ (coastal Choctawhatchee sand pine) generated the highest explanatory power, irrespective of series type, among all six stands. JDO (coastal Ocala sand pine) was second in climatic explanatory power for the total ring and earlywood width series. In both stands, winter/spring precipitation variables were strongly related to variation in radial growth patterns. Collectively, these results supported our fourth research hypothesis: climate/growth relationships are more strongly expressed in coastal populations than inland populations of sand pine. In future efforts to establish ENSO-based links with productivity of natural vegetation in Florida, coastal strand environments should receive high priority, because their substrates magnify the consequences of interannual variation in winter season precipitation.
